The objective of our study was to examine the incidence of in-hospital hemorrhagic and in-hospital and 30-day ischemic outcomes among patients in the CARE Registry who underwent CAS and were treated with either bivalirudin or UFH. We hypothesized that the use of bivalirudin for CAS would be associated Background-The direct thrombin inhibitor, bivalirudin, is associated with similar efficacy and superior safety in patients undergoing percutaneous coronary intervention. However, the role of direct thrombin inhibitors in carotid artery stenting is not well defined. The objective of this study was to compare the safety and effectiveness of bivalirudin and unfractionated heparin (UFH) for carotid artery stenting. We hypothesized that bivalirudin would be associated with less in-hospital postprocedure bleeding than UFH but similar rates of in-hospital and 30-day ischemic outcomes. Methods and Results-We compared the incidence of in-hospital hemorrhagic and in-hospital/30-day ischemic outcomes among patients in the CARE Registry who underwent carotid artery stenting between May 2005 and March 2012 using bivalirudin or UFH. Propensity score matching was used to obtain a balanced cohort of 3555 patients in each treatment group. Patients treated with bivalirudin had a significantly lower incidence of bleeding or hematoma requiring red blood cell transfusions (0.9% versus 1.5%; odds ratio, 0.57 [0.36-0.89]; P=0.01) when compared with UFH-treated patients. The incidence of in-hospital and 30-day ischemic outcomes, including death, myocardial infarction, stroke, transient ischemic attack, and the composite outcome, death/myocardial infarction/stroke, did not differ significantly between groups. Conclusions-Bivalirudin was associated with lower rates of hemorrhagic outcomes compared with UFH during the index hospitalization for carotid artery stenting. In-hospital and 30-day ischemic events were similar between the 2 groups. Randomized comparisons of these agents are needed to confirm these findings. (Circ Cardiovasc Interv. 2013;6:131-138.)
C arotid artery stenting (CAS) is an alternative to carotid endarterectomy (CEA) for preventing stroke among patients with symptomatic or asymptomatic carotid artery stenosis. 1, 2 Unfractionated heparin (UFH) is the most commonly used agent for intraprocedural anticoagulation during CAS. 3 However, UFH directly activates platelets, promotes platelet aggregation, and thereby may aid in propagation of thrombus. 4 UFH also binds to plasma proteins, resulting in a variable anticoagulant response. 5 By comparison, the direct thrombin inhibitor, bivalirudin, does not bind to plasma proteins, conferring a more predictable dose-response profile and linear pharmacokinetics 4, 5 and inhibits both circulating and fibrin-bound thrombin. In randomized trials of patients undergoing percutaneous coronary intervention for stable and acute coronary syndromes, bivalirudin results in a lower incidence of bleeding, and, in the setting of ST elevation myocardial infarction, is associated with lower cardiovascular and overall 30-day mortality when compared with UFH. [6] [7] [8] [9] Although the relative safety of bivalirudin has been extensively studied in percutaneous coronary intervention, limited data are available comparing bivalirudin with UFH in CAS. 10, 11 Although a small, single-center randomized study 11 demonstrated lower bleeding rates with bivalirudin compared with UFH among patients undergoing CAS, large-scale, real-world data regarding its comparative safety and effectiveness are currently lacking.
with less in-hospital postprocedure bleeding than UFH but similar rates of in-hospital and 30-day ischemic outcomes.
Methods
Registry CARE Registry is an initiative of the American College of Cardiology Foundation, the Society for Cardiovascular Angiography and Interventions, the Society of Interventional Radiology, the American Academy of Neurology, the American Association of Neurological Surgeons/Congress of Neurological Surgeons, the Society for Vascular Medicine, and the Society of Vascular and Interventional Neurology. 12 The CARE Registry is a comprehensive national registry of patients undergoing both CAS and CEA. All adult patients 18 years of age or older who undergo CAS or CEA at participating institutions are included in the Registry. Standard data definitions and collection protocols, a data dictionary, and uniform data collection tools have been developed and are posted at the National Cardiovascular Data Registry (NCDR) website: http://www.ncdr.com/webncdr/common/. As of March 2012, the Registry included data from 12 924 CAS procedures performed at 171 sites in the United States.
Patients
Men or women aged ≥18 years that underwent CAS between May 2005 and March 2012 for symptomatic or asymptomatic carotid stenosis, and who received periprocedural bivalirudin or UFH were included. Exclusion criteria included receipt of anticoagulants other than UFH or bivalirudin, receipts of both UFH and bivalirudin, contraindication to UFH or bivalirudin, previous stroke that might confound the assessment of neurological end points (National Institute of Health Stroke Scale >21), acute evolving stroke, spontaneous intracranial hemorrhage within the previous 180 days, severe dementia, CAS performed under general anesthesia, and CAS performed for nonatherosclerotic extracranial carotid artery disease (fibromuscular dysplasia or spontaneous carotid artery dissection).
Anticoagulation
Preprocedure use of aspirin, clopidogrel, or ticlopidine was recorded at the time of admission. In patients receiving UFH, the dose of UFH was administered per local clinical standards. Patients receiving bivalirudin were administered a bolus of 0.75 mg/kg followed by an infusion of 1.75 mg/kg per hour for the duration of the procedure. At discharge, prescription of aspirin, clopidogrel, or ticlopidine was at the discretion of the treating physician.
Definitions
All study definitions were derived from the CARE Registry data dictionary-elements and definitions v1.08. In-hospital adverse events (defined individually below) included new events occurring during or after the procedure but before discharge. Hemorrhagic complications included procedure-related bleeding or hematoma requiring red blood cell transfusion (primary outcome), and intracerebral hemorrhage. In-hospital vascular complications (ischemic or hemorrhagic) included (1) injury requiring open surgical repair, (2) peripheral embolization/new ischemia of extremities, and (3) pseudoaneurysm requiring thrombin injection or compression. Transient ischemic attack was defined as a focal neurological abnormality of sudden onset, lasting <24 hours, and presumed to be ischemic in origin. Ischemic stroke was defined as focal neurological abnormality resulting in residual symptoms lasting greater than 24 hours, and leading to impaired functional outcomes.
In-hospital mortality was defined as death occurring during the procedure or before hospital discharge. Acute myocardial infarction (MI) was defined as a rise and fall of cardiac biomarkers with at least 1 of the values above normal for the laboratory of the hospital (above the 99th percentile of the upper reference limit) together with evidence of myocardial ischemia defined as at least 1 of these following: ischemic symptoms, ECG changes indicative of new ischemia (new ST-T changes or new left bundle-branch block), development of pathological Q waves in the ECG, and imaging evidence of new loss of viable myocardium or new regional wall motion abnormality. Lesion characteristics included location of lesion (isolated internal carotid artery/common carotid artery or bifurcation), presence of thrombus, ulceration, calcification grade, lesion length, and preprocedure stenosis. Preprocedure stenosis (%) was calculated as follows. For stenoses in the internal carotid artery or at the carotid bifurcation, NASCET (North American Symptomatic Carotid Endarterectomy Trial) methodology was used (ie, 1-minimal luminal diameter at the lesion site/ diameter of nontapering segment of internal carotid artery×100). However, if the distal lumen was collapsed from a low-flow state, the stenosis was graded as being 99% or near total occlusion. For stenosis localized to the common carotid artery, percent diameter stenosis was calculated as: 1-minimal luminal diameter /diameter of the adjacent normal segment of the common carotid artery×100.
Outcomes
The primary study outcome was bleeding or hematoma requiring red blood cell transfusion. Secondary outcomes included postprocedure intracerebral hemorrhage, periprocedural vascular complications, inhospital death, MI, stroke, and transient ischemic attack, composite end points incorporating these outcomes, 30-day composite of death/ MI/stroke, and its individual components.
Statistical Analysis
Categorical variables are presented as frequencies and percentages, and unadjusted comparisons were performed using χ 2 or Fisher exact tests where appropriate. Continuous variables are presented as mean±SD (median with interquartile range where non-normally distributed), and unadjusted comparisons were made using ANOVA and Mann-Whitney tests where appropriate.
We used propensity score methods to mitigate the influence of treatment selection bias introduced by the nonrandom selection of procedural anticoagulant. The propensity score for an individual is defined as the conditional probability of receiving a particular treatment (in this case bivalirudin) given the individual's covariates. To estimate these scores, we created a logistic regression model to predict the use of bivalirudin (versus UFH) conditioned on the following covariates: (1) demographic variables, such as age, sex, race, insurance; (2) clinical variables, such as hyperlipidemia, New York Heart Association functional class III or IV in past 6 weeks, previous ischemic stroke, chronic
WHAT IS KNOWN
• Compared with unfractionated heparin, bivalirudin use has been associated with a lower incidence of bleeding in patients undergoing percutaneous coronary intervention for stable and acute coronary syndromes, and is associated with lower cardiovascular and overall 30-day mortality in the setting of ST elevation myocardial infarction.
• However, data comparing bivalirudin with unfractionated heparin in carotid artery stenting are limited.
WHAT THE STUDY ADDS
• Our study suggests that for carotid artery stenting, bivalirudin is associated with fewer postprocedural hemorrhagic complications than unfractionated heparin without an attendant increase in the risk of ischemic events. lung disease, ischemic heart disease, Canadian Cardiovascular Society class III or IV angina within 6 weeks, dialysis, permanent pacemaker or intracardiac defibrillator, history of seizure or known seizure disorder, history of atrial fibrillation or atrial flutter, hypertension, smoker, MI within 6 weeks, moderate-to-severe mitral stenosis, peripheral arterial disease, history of heart failure, previous hemorrhage or hemorrhagic stroke, moderate-to-severe aortic stenosis, previous transient ischemic attack, diabetes mellitus, and mechanical aortic or mitral valve; (3) procedure-related variables, such as restenosis in target vessel after previous CEA, target lesion symptomatic within past 6 months, lesions difficult to access surgically, previous neck surgery, previous CEA, contralateral carotid artery occlusion, major surgery planned within next 8 weeks, previous CAS, tracheostomy, restenosis in target vessel after previous CAS, embolic protection device use, and preprocedure medication use; and (4) lesion characteristics, such as location of lesion, presence of thrombus, ulceration, calcification grade, lesion length, and preprocedure stenosis.
We performed a 1:1 nearest neighbor match on the logit of the propensity score within a caliper width of 0.2 times the standard deviation of the logit of the propensity score. 13 The success of matching was examined by comparing standardized differences in the distribution of the covariates between the 2 treatment strategies; a difference of <10% between the 2 groups was considered acceptable. Conditional logistic regression was used to produce odds ratios and 95% confidence intervals. Statistical significance was defined as P<0.05. This study was sufficiently powered (power >80%) to detect an odds ratio of 2 (or 0.5) in the primary outcome (Table in the online-only Data Supplement), and sufficiently powered for all secondary outcomes except for in-hospital all-cause mortality, MI, and intracerebral hemorrhage; and 30-day all-cause mortality. All statistical analyses were performed using SAS Version 9.2 (SAS Institute, Cary, NC).
Results
A total of 12 924 eligible CAS procedures were identified between May 2005 and March 2012. A total of 2364 patients had at least 1 exclusion criterion presented in the Figure. After excluding these patients, the total analytic cohort numbered 10 560 patients. Of these, 4135 patients (39.2%) received bivalirudin, and 6425 patients (60.8%) received UFH. Propensity score matching was used to obtain a balanced cohort of 3555 patients per group (Figure) . Except for an initial phase of low enrollment within the CARE Registry (2005) (2006) , the proportionate use of UFH and bivalirudin remained comparable during each year of the study in the propensity-matched cohort.
Patient characteristics for the unadjusted and propensity score-matched patients are given in Tables 1, 2, and 3. The 2 groups were well matched on demographic, clinical (Table  1) , and procedure-related characteristics ( Table 2 ) after propensity matching. Similarly, preprocedural medication usage and medications at discharge were comparable between the 2 groups, except for higher statin usage in the bivalirudin group ( Table 3) . Rates of missing data were not statistically different between the 2 groups. 
In-Hospital Outcomes
Clinical outcomes in the propensity-matched cohort are given in Table 4 . Patients treated with bivalirudin were less likely to have postprocedural (in-hospital) bleeding or hematoma requiring red blood cell transfusion compared with UFH (0.9% versus 1.5%; odds ratio, 0.57 [0.36-0.89]; P=0.01). However, the incidence of intracerebral hemorrhage was similar between the 2 groups (Bival, 0.1% versus UFH, 0.2%; odds ratio, 0.62 [0.20-1.91]; P=0.41). In-hospital composite of all-cause mortality/MI/stroke and its individual components were not significantly different between the 2 groups. The incidence of vascular complications was similar between the 2 groups (Table 4 ). No statistically significant interaction was noted between anticoagulant and symptomatic status with regard to ischemic or hemorrhagic end points.
30-Day Outcomes
Thirty-day follow-up was available in 2802 (78.8%) patients with UFH and 2767 (77.8%) patients with bivalirudin (P=0.31). The composite of all-cause death, MI, or stroke as well as its individual components were not significantly different between the 2 groups at 30 days (Table 4 ).
Discussion
In this large, multicenter, multidisciplinary national Registry of patients who underwent CAS, we observed that compared with UFH, treatment with bivalirudin was associated with fewer hemorrhagic complications (43% lower odds) requiring red blood cell transfusion. The reduced bleeding rates were not offset by any significant increase in ischemic risk.
Balancing periprocedural ischemic and bleeding complications in patients treated with antithrombotic therapy during invasive cardiovascular procedures remains challenging. Further complicating this balance is the observation that procedure-related bleeding is an independent predictor of adverse ischemic events and mortality. [14] [15] [16] Consequently, bleeding avoidance strategies have gained significant traction. In the setting of percutaneous coronary intervention, these include the use of anticoagulants with a more favorable bleeding risk profile, like bivalirudin. 17 In contrast, the use of bivalirudin over UFH has not been as well studied as a bleeding avoidance strategy during CAS.
Historically, attempts to compare the bleeding risk associated with various antithrombotic strategies have been undermined by the lack of a uniform definition of postprocedure bleeding. Previous studies have used variable definitions of bleeding (eg, TIMI, GUSTO, ASSENT-3, HERO-2, COMMIT, ACUITY, CURE, OASIS-5, REPLACE-2, and STEEPLE [expanded trial names available in the online-only Data Supplement.]). 18, 19 These definitions have included various single and composite hemorrhagic outcomes (eg, site-specific bleeding, drop in hemoglobin (g/dL), need for red blood cell (RBC) transfusion, hemorrhagic death, cardiac tamponade, requirement for specific interventions to stop bleeding, hypotension, disabling bleeding, hematoma size >5 cm, and need for cardiopulmonary resuscitation). Given information presently captured by the CARE Registry data collection form, we were able to measure bleeding requiring RBC transfusion, which served as our primary outcome of interest. Few studies have compared the incidence of adverse outcomes after CAS according to anticoagulation strategy. Stabile et al 11 randomized 220 patients to bivalirudin or UFH during CAS with proximal embolic protection and found significantly less procedure-related thrombolysis in MI (TIMI) major and minor bleeding (7.3% versus 16.4%; P<0.05) in the bivalirudin arm. In an observational study, Lin et al 20 noted a significant decrease in hemorrhagic complications as well as 30-day stroke and death after their center switched from UFH to bivalirudin for CAS (6% bleeding rate among the first 54 patients treated with UFH compared with 2% among 146 subsequent patients who received bivalirudin [P=0.03]). A recent multi-center observational study (n=365) by Cogar et al 21 found similar favorable post-procedure and 30 day outcomes with bivalirudin use in CAS. Other cohort studies have also observed significant decreases in periprocedural bleeding and 30-day stroke rates among patients treated with bivalirudin when compared with UFH. 10, 17, 22 Although our findings are consistent with the aforementioned studies, our study was much larger, more representative (n=171 centers), incorporated various medical disciplines, used standard outcome definitions, involved prospective ascertainment of outcomes by independent observers, and involved more rigorous statistical techniques to adjust for potential selection bias and confounding. Collectively, the evidence base to date suggests that for CAS, bivalirudin is associated with fewer postprocedural hemorrhagic complications than UFH without an attendant increase in the risk of ischemic events. The lower hemorrhagic complication rate observed with bivalirudin was mainly driven by a significant reduction in extracranial hemorrhagic complications; rates of intracerebral hemorrhage were similarly low in the 2 groups. This observation is important because hemorrhagic conversion of a cerebral infarction can be an important source of morbidity and mortality in patients with symptomatic carotid disease.
The relatively low-bleeding rates observed in our study may be predominantly because of the restrictive definition of bleeding used in our study. Rates of composite bleeding outcomes (eg, TIMI, GUSTO, etc) used in the aforementioned studies could not be determined given that only data on bleeding requiring RBC transfusion were available in the CARE Registry database. However, the rate of bleeding requiring RBC transfusion observed in our study is comparable with that seen among patients undergoing CAS in the Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) study (1.9%). 2 Finally, other attributes beyond bleeding risk may factor into the choice of anticoagulant therapy for CAS. For example, UFH is limited by variable pharmacokinetics, and the potential to cause other complications like heparin induced thrombocytopenia. In contrast, bivalirudin although costeffective among those at elevated risk of bleeding lacks an antidote, which could be catastrophic in patients who develop intracranial hemorrhage.
Study Limitations
We cannot rule out the potential for residual unmeasured confounding or uncontrolled selection bias despite our using a propensity analysis. Furthermore, although there is standardization and uniformity in CARE Registry data collection, and quality control and participant feedback, any large national database effort is inherently imperfect. Lack of adjudicated outcomes and lack of an angiographic core laboratory are significant limitations. This study was also limited by the definition of bleeding used. The CARE Registry, in its present form, does not allow for bleeds to be characterized by the recently developed Bleeding Academic Research Consortium classification scheme, 14, 18, 19 and hence as mentioned above, explains the relatively lower event rates observed in our study. Although 30-day outcome data were not available for all patients in our study, the rate of incomplete outcome ascertainment was uniform across treatment groups; this loss to follow-up may have led to less precise estimates of 30-day ischemic event rates, but would not have affected our primary outcome, in-hospital bleeding. This study was sufficiently powered (power >80%) to detect an odds ratio of 2 (or 0.5) in the primary outcome (Table in the 
Conclusions
Use of bivalirudin for CAS was associated with lower rates of hemorrhagic complications than UFH without an attendant increase in the incidence of in-hospital or 30-day ischemic outcomes. The planned ENDOvascular interventions with angioMAX (ENDOMAX) trial (n≈4000) will randomize patients undergoing endovascular interventions (including carotid stenting) to UFH versus bivalirudin to assess the risk of hemorrhagic complications and net adverse clinical events (NACE) of death, MI, stroke, and major bleeds. 
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